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(57)Abstract , , . , 

PROBLEM TO BE SOLVED: To provide a method and device for 
driving piezoelectric transformer, which can widen the variable range 
of the output voltage of a high-voltage power unit using a 
piezoelectric transformer. 

SOLUTION: A method for driving piezoelectric transformer 
incorporates a first control method for controlling the boosting rate 
of a piezoelectric transformer 1 3 and a second control method for 
controlling the driving waveform of the transformer 1 3 A hysteresis 
characteristic is given to the threshold for switching the control 
methods to each other, so as to avoid the drive of the transformer 
13 at its natural frequency by eliminating the occurrence of an 
irregular drive frequency. When the power supply voltage -s fixed, 
the drive frequency is raised and the boosting rate ,s reduced from 
that at the time of the maximum output voltage, by changing the 
resistance value of a resistor 16 for detected until the *™» 
frequency reaches the natural frequency at which a trouble occur* 
When the frequency reaches the natural frequency, the amplitude of 
the driving waveform is reduced by reducing the power supply to a 
drive circuit 12 so as to lower the driving frequency, without 
changing the output voltage. The minimum output voltage is 
obtained by raising the drive frequency to the natural frequency, by 
again changing the resistance value of the resistor 16 while the 
amplitude is small 
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(a) i^nJftfftH^^lS^ 8 *^ 

^2 6(cRiini-5.t±373mJl#tt^#^^5o i-fc*>%. 

PUB (a) fc 

mum******** 

taaiEvos c^i^tt^fi^Lv^tffl^ 
n?,fc) mamE***.-^**"**** 161 ^** 

ffMffBK 2 1 v**?** 2 2 Srx^-7- 4 tfc 

50%t^^5'7'>'^t6 o 

[0068] wwaMn 2~»ma«**» 

(b) ©|giO»<oStiJ: , ?^l^<ftSfcft, 

jusajmss 1 7 \z a 9&ffi s H-c»a a ta^mff t 

*3<*9. 14(a) fc*-*-* 5 

*«IB*ftJ: 9 t ^KV^JE«*«C«»i-6 fc (i- 
ftfe*,, t^9 t !)^it«*20-e«iimEVo s c* 
*g2©L#Wifc^l^^!iJ£n5fc) - tt573®E£ 

^0 0 7 0] r*U^£9, igttHSSl 2-«5«*«»* s 
*MPLWtt«»®««* s H2 (b) |c*UfcJ:5K:H2 
(d) 9 fc*#<**fc»^ 

^< 4 0.H4 (a) |c#1-J:5fc, fg«)i§jS^ @ 



(11) 
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[00 7 11 14 (a) t*ti?c, cro**«>?B« 

«tEVOm i nA^T-'^-X^ltl 0 0%-CO* 
/MtiMSVOmin' (f£*«>*/hW*«I£fc«3) 

js«»*j»mEi s a (v o s c) ©u*v««*^«t ^ 

(b&v\ 0 4 (a) ictjH-J; miMSffi 

-j£k>»£\ -r^-x^ltl 0 0%ai»tlt% IBS) 

It 5 0%#J«H^ l 9&fc>5ti3*l«ffiVOm i n' 
(4> 9 » at -y^tfc5 0%lW*P®*li"C*»»*** l£< 

(b) i^t^Mi^^ 1 3roiE»lliS^iiE 
magi 2fcfflJmsfr5«w«ffi*H4a s »&*'S« -t-fc 

-^Jt*»2 0Offl*«.**S»tfc«WWWIal«S2 l 
[0 0 7 3] fc*3, ^co^ti, &Wffljg*t i 6 ro««t 

iseti e, tB^mE^wiH]^ 1 7, m«hb**£*i 

2 5. VlbBKl 2«>6467-f- K/<y^^-^»« 
MbBKl 2<D!±j73«E&-^ti-5i^t-®^^^ , ' N 

5 as, man («*we) **<Ki**t« * 

[0 0 7 4] I^ai, lEftlHlill 2^0«*«»«» 
U'>UI»«»«)S*4 { H2 (d) lr^Lfc.fc?Kl2 2 

(b) roBlbttrawJBWJ: 1 !)^*^*** 1 ** 
ffi^ffilHlS&l 7CJ:9tfcfflSix-CWIiH*l 
*LSUJ;&*ffifc/h3<fc9' 124 (b) 3 fc. 
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5 - 0 7=-^._x-f its oyoo^iwj^^^-c-ss 
[00751 *fc, iiBtiai-mwmffiSrftv^*^® 

fc««*iJ^lE]^2 l d^-i' y^^^^-2 

^tti o oyot-mBt^-^ffit-t-So 

[0 0 7 6] ifrfc-fcO, 8*»HIS&1 2-©^«^* s 
J«iD t«ill«««3*«* S BI 2 (b) |E*Ufc*5fc»2 
(d) ©Mb*»o*«J: 9 t** 134 
(b) Kn*i"J:5»Ji, W»»«*^B*««»«t9^ 

ttl 0 0%<O^T"Slt«^mffi^<ST r ^*" Cv ^^ * 

[0 0 7 7] 12 4 (b) ^ti9C m«ffitt-^» 
tfc 5 0 9 »*35**«W«EV I m a x ' 

(±> f =- 3 ._^^tb5 0%^JlS©^^ : ^« J,1}£ * S:fe 

[0 0 7 8] Sfc, i»*lfc«>*»KJ:*ttf, 12 4 
(b) IOtW-J:^ *A^ro*3rtSH*W**"?* 

®JEV I m a x StOAV I m a x It 5 ~ fc * 
±IS<^I24 (a) , (b) e*l±* 

bH5. ^ _ 

[0 0 7 9] *8liaC*2©$te<0)gttt^V^ 

gl5«C^i-^2<D^lS«^fli-C-(±^ |^ffiSDC-D 



(12) 
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DC -DC 3 >'<-? 4 llMW^I 1 a * 5 ® 

i lCKKSh, aflsre-4 i c ^KwaK 1 2\-mm 

[0 0 8 0] |»ffSDC-DC3W<-?4 1(4. *<< 
y + ^ym** 1 d. ***- K4 1 e, 3*/U4 1 f 

f 0-«*s^*-K4 1 *9>*V-Y±*4y*** 

al3 ^ V *4 1 gO-IHK****!^*- 3^> 70 
-9-4 1 g«iSi^t-K4 1 ewry-Kiitft? 

n»«sntv>6. *fc. t^xy->^ttfe§§2owm 

[ 0 08 i] crom2ro^JSro^ro»^oi/> 
wamEfcttiiHiiSi 

te</i6t, a*t4«»tMMEl 8 a (Vos 

c ) m^-r^mmmmmmmisb ci^s 

45 i: Ul^i-aW*****^ 1 8 a (Vosc) fc 
18b (lose) i"So 

[0 0 8 2] «j|fi*1W»«JE 18a (Vosc) <D^it 

mio. 5-2. o vm&tcPg5££n-c*5<!K rhti 

9HjR*fW»m«l 8 b (lose) tcrotEJESliSl- 
*t(SLfc*!l«>«aE-e«IISSn5. 1-9 50 

3BfiHS6*»TIStti: LT 18b ( I o 
s c) fcJ^fflRSiKattHrt-Cffi*^***** 1 9 
a (Fosc) tr»«1-* *• 

[0 0 8 3] 18b (lose) 

<ifch,3i:*«JSI«*l 9 * (Fosc) 
acHftftMWta 18b (lose) 7)5# < 
*SMttftl9a (FosclttKW. H^JS^m 

19a (FoicJttRlO**^^' 

Minifti 2»2ow^ yf-sitYWS** 1 2 cS 
tfi2d»«*MH-fca>*"**i" wen.****^*" 

[0 0 8 4] IKiblHltel 2l4mi»*JS^^ i:|S)-0 
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EfckftHS (a) fc*1-JM*Wtt***- 
pic, |E«))iigfcScJ;^ffitt:^UJ^ , "-^ u ^ ^+ 

r j; o urn h ^ 1 3 o/i^^tt^** s„ 

[008 5] ^!liffl«fet 1 6 -e*Wi-6*ffl«ffi*-* 
««1 8b (lose) ^i9»3WW»i-*. 

s^asi 3b Mb*#«>«**jjr£05*EJfc 

fcoEBS W**¥HHII16 1 4 C «fc 9 * *vr 

[0 0 8 6] A*2 6KiB«iii-S* 

[0 0 8 7] t^'J **jfc«»2 0ttA*i£*ts»» 

ttfM»*E 18a (Vosc) *S«lP«ffiV r e f c 2 

# i 0 0 % t * o-C v * , w<*0>«** 
t5o *»»»II1B2 Hi'-* u^^s^A^^n 

5^*50 |IIDC-DC 3 ^4 

io** y *^**4id©«fW*fc«*i~ :n 
S^-f^its o%-c^->-/^7«)^^* s '' 
[0 0 8 8] t*yy v*Jfc*e«2or±Aa**t*H* 

WiElSa (Vosc) #*2©L*V>««E 
« Slt 5Vre f c) «wm»ihir 

2 1<0ffl:fcf f =--^fc* 50%i: * o " CV '**^ o 

wW4 iro** ?fy^4 i dnMMW* 
[00 8 91 tto-c, ;»il»®it>ii^««» 

BSfltttlSa (Vosc) «>■««:■ 3 (d- 
1) CSM-JBKfctt*. 0*0, 

[0 0 9 0] BEIDC-DC = ^-* 4 lW**y 

i ifrwmzmfio-f'*-*:***®* 1 2tcx^)-r 
a vibiBiKi 2^(DK^mnmmm2 (a) ic^-r 



(13) 
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■mS-^t LXm2 (b) C*1-iESjKSr»*^» 
h 7 l 3 SrSKtbi" 5>» 

[0 0 9 1]-*^ ^s^^*^ 1 d**»«»4 

2 •cas-raffiRf&HM** 0 ^-"^ * * 5 0 %<D * 

*/*?WlG*ft*t** WEaDC-DC3^-# 
-fit 10 0%) cDi£itt«l^*#©»®£^ ffi 

wiiKi 2^©A*«ffi**tt" 2 (e) 

EfcftlK *ro«ffi»*B2 (a) 

[0092] cwA^mffiaWftiHUn 2^**** tS 
fcU-CB2 (f) c*i-jEB«i-jfiflaLfc«*a«»ts 

ftt EtF7^13?rilt^ SEIDC-DC 
th5^l3«3f»*»tt. Hf**i'B»«>B2 (b) 

[0 0 9 31 ELktit), «H«E**-*»*- 

B»»«:«* 1i r*v.»»Ji*«**< l-cv>s, 
a» b * ft it (om^-t s 5 * x ' mm * 

*1?li*ffIDC-DC = ^<-Ml*r)8^. -© 

i s a (vo s c) » 

[0 0 9 5] H4 (a) lefMf 2 61^*0 £iX* Hi*® 

ti- 5H*ft-eK»-r s - * ft < KSn?* am***** 

ffl * SA VOminiit5. (b) K*« « 

ft) 11 

?J5AV I m a xtt*Pi"S„ 
[0 0 9 6] fcfc. 3 ©**»*«fco^-C » 
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U3 05*lfc«)»«»lll***EBI* a< "*"- l " 11114 '' 121 fc 

[0097] H6CJ3^t, wttiaisi zto^-y*-* 

45a i5t^'J i/^tb«f* 20^1 WA^*^ 2 0 

® 2 »AM? 2 0 b tUtSSlEV r e f c 

« 2 0 ©ttJ*«8* 2 0 d Ktt««W*HillS 2 1 ***** 
ffC^S. ilW@!S2 1«Mtt^ y^?** 

2 2 22.»fft^5 * tfcl*§& 2 0 

[0 0 9 8] fcic, ctfjulfiro^lsroib^^o^-caftW 
UftHttftMft«ttl 8 b (lose) 

«« i s b dose) *if*u-r »tt*iM»*aE i 

8b (lose) ttBfJEO«H^«* S11 '" CVN5 ' 
[0 0 9 91 1 J)*******-* 26 * 



L-C _hfc©JB««lW*«* 18b (lose) J: 0 

asts:^^*. «««•««» i s«> «** 
i«*i8b (i o s c) &'pt£<ffifrz>tziat. 

M |l9a (Fose) U 
; Sl8b (lose) ##<«Ut*fc#tt. 
19a (Fose) £iti< t5. 
[0 1 0 0] 9 a (Fo s c) '** lRtJt 

* 2 H«K. »»@K2 4ICJ:») 1/2 

^o, E vMci£tai:ftS2o<D«^iSnfc 
« / < s ,7TliI*2 5fcaU-C»«liai8l 2«>2° ro ^ 

[oioii vftiaB i 2 hjb i at/* 2 

XI 3©#Ett(4ia3 (a) t*i-»«E*»ft*»^' 



(14) 
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% 1021 *mffl«eti 6-c*aw-s*ffl«E*-£ 

m«i 8 b (lose) fcJ:0»WW*Pi-6. 

[0 10 3] znnm<ommi>, A#2 ei^Hiln-ra* 

5*ftE?H7^1 3 0ft*»*:**t6**0 
2o©*S*fffflt5. 113 (b) k*Ki»WUfc*5 

Et >5^i 3 
[0 10 41 Btb«««cfe*ftsS*6»-»*W)B»»ti 

wtstisb ciosc) **<ts*. 

[01051123 (c-1) WB3 (c-2) 
fc9*»6 (B3 (c-2) ©) . r*ufcJ:9*»iaiS 

i 2 <o^ i 2 c&o=i 2 di^ii 

[0 10 6] /pft-&*s*^U*6*SB*H*****-r 
*fc*>K. »Bllil2«)««tftfWti:U 
fy^hf^? i2cRtfi 2dCM«t**<' 

5 *w*oi>~ i^«ffvt htt^y v*tt* 

iiEV re fciLt^tS. ft 2 <0 L * V MtffilE 
ICI*, flOL^ttEVre fcilS^lEI 
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[0 10 71 t^!)^*M2 0 ,: ^* ft6f '" 

w M «d« 2 1 »u*f ^ 10 ° % * ** 

19a (Fosc) ©idOliWOT**-' 1 '' * 5 
0%«flr**, ^,fy^"»22a 

[0 10 8] t ^y^Jt«»2 0»iA»s*v«-9— 

r e f c) **9, SaSS"J«lil!fS2 1»W*7> 

itt t ^ y v*tfct» 2 o *» 6 p - v^<o\h^ a 

7)£*iSi f a -r^lOO%^iWW : f2 

*|oTo°9i 113 (d-2) ttw«w«ia*2i«>aa 
(on t »> «wmwe* 2 i rota 7i ^ f »-y -f 1 0 0 

^100 %K9J 9 2 co L# v*ttl£fctt- J 

A^WNftCV 9 **><>*: t * 9 »V*BE 

* mas «*) n*6»«w*® t ' <t4S,tia 

2 (a) 5 

l3a ^WtLt@2 (b) K^iTE** 
£5g£U E« b 9 V* 1 3 &S&»]T5. 
(Oil 11 M^5/^ 22 *» M ** 
19a (FosclflBfflt^-^* 50 * 0 
t>/t7lKfr)i^ «« WW 1 

( C ) Ki*i-J:5*«»*i:*9^ lOA^Sffi^B 
@SS 1 2 tWSMiM b 9 ~ 1 3 COAJJ l 3 

£L Elb^yM SIMM'S. ^^^^ 

13 «lttK«lt. W^"»»B2 (b) 



(15) 
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/h£l^l32 (d) (C&5 = 

[oii2] B±icto. mrnvBLV-fe^ ®4 

PJigi-S*t?fi> «WMiPiaiB2 1«)lH*«**9'*- 

^ttaoo%tu *»o, *mfflesti ewisstitsr 
% ii3]-*, ta^ffiE* 5 -^^^ 124 (b) l ^ 

a%Lfc±^ t, ft'hmSSEV I m i n 

( ± m^wtass 2 i ©w*flr*** , ~-* t * * 1 0 0 

5 0%fcL-t!E»IUS§l 2-ro«*«»«r*'>U, iEtb 
<i"3. C»fi«ro/hSvWS* 
fg 1 2 

X [0 l 14] ^©SU©*^*** 2 * 5 **** 5 *^ 
t-5^tEVthKJ:0tT5. *l 

5-i/i<^^MffW ! AVOmi nlf*n 
L £f- H4 (b) H*+J:5U:, 
■iE»-e»»i-6ifc4<' WtEil^VIm. 

[one] *Ki. **f!ro*4 0>*lS<B»1*K^' c 
*4«>*««)*««>Ell63MtH*r*-r. WB*« 121 5 R " 
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[0 117] (27K*5V-t, «ttl9Kl 2<D*>f 
^^y-^? 12cWl 2 d \at. 5 

4 5 a fc XT' » 2 0 rom 1 »A7J«^ 2 0 

$ 2 ©A*** 2 0 b CttS*SEV r e f c 

» 2 o«>a*«^ 2 o djcr*««iw«ia*2 

ftt^S. «*«»Ih]I&2 l ic(4?gfii3§4 2*s*tt* 
*L, «WHP0B2i^tt*ESDC-DC^ 

ions] z<D^m<Dmm<omm^^^ 
EE*mi§aiSi 7 1 8 ~ A 

u*flttft«««« i8b(i..o 

««1 8 b (I o s c) feJMOi-6. 1 

8b (lose) f 4PjT^»«sia(-ws^^" cv ^° 

[0 1191 ««£«!»*«« 1 9 
L-C 1 8 b (Iosc) 

»^5ii^««i»i 9a (Fos iJ; 

*)*««! 8 fa (lose) *'>*<^***^ 

»«Mttftl9. (Fose) *«<^**™*" 
» t fil8b (lose) ^<f^c#ll ««« 
$«1 9 a (Fo s c) 
[0 12 0] *fi««6«kl 9 a (Fose) tt» 1 

J B2»**«>*«i:n*» :: « anew* 2 4 k:* 9 i/2 
» ^ y7 riai»2 5 4riib-caiibiaiSi20 2o^ 

[0121] SfE»0SS 1 2 (4B 1 3 

l3W*Ett»iBI3 (a) C*t««»ttt**- * 
SB L fc J: 0 K - K»H**«- * ***** * * ' 

5. 



(16) 
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JO 



20 



[0 12 2] fcWfflffiSU 6-tMftHtt-5*ffl«£*-* 
««1 8 b (lose) |C± 9 

», EIh 7y^l3 ©#ff Jt^ft* 5. E« h7 ^ ! 

[0 12 3] ^0>**ro«*fc» *^2 6icBl*p-r6lt 

2 oro*SSrWffl1-a. B3 (b) 

[0 12 4] KWfflfcftfcfcfc***^* 1 ^^ 1 

Miisbdosc) *«*•»«» 

5 l^L, 

Hill 2Sr*»tLfci* ro » 
**a»5>»*i/C^< 4r»«hSKl 2©;W yf-J^h? 
' y-^M2cW12d««^^<fc 

[01251E3 (c-1) RXma (c-2) t^* 
ftQMitbS (B3 (c-2) @) . cftKiOMHH* 

i2»^ y fvn?^*i2catfi2di:i 
i- 5 g« jiiSft-crosED) fctas-r s fc * 

[oi2 6] ^A-e-is»^u*ft»*H*ja«**««T 

yyyi?x?l 2cWi 2dC*lftK«f^+- 

^Ct-i^tEV t h tt ^f-J ^*»*2 0 
<D|g 1 © L « V **EE t Lt S*miEaS 2 3 IcS^SE 
Vr e fckLTB!£t5. »2©UtvHWEK», 
HlflUtk'WSVre f ct?«»OW««* 

[0*12 71 t^i)^tt»*2 0l:^^5t- 
^^mffiV th#«*tEV refcift?. 
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«*«»a* 2 1 ©ma* < ** 5 1 0 0 % * 

19a (Fosc) ©3B*0*»*:*of»-y^5 
WDC-DC^^41 M 

»4i.ew*u WSDC_DC3 ^ ' 

**** y^i**4 1 dB*»4«*»^ 

1oi 2 8] fc^iJ^JtHtP^O^**^**- 
refc) fctt9. WWJ*PiaiS2 1 * 

;pp ^) 

[0 129] -ro*J6w»ttw««W*IilK2 lroffl^ 
7 i^^HEV 1 h<OflB«l*. 1213 

(d-2) » 3 ra*^ mw 

#»a*mffJ:9*^«E«-C«0»to9. m*«E*> 

-sow, ^^*#]»*»e»*«» t -« 39 **' 5llwm 

[0 13 0] ^,f^4 1d^«; 

k # ««(*«) n^^w^* 

B»i2i:X*t4. 8 »l2^1E«tt 
@2 (a) t*t±54»tEi:49. -©A731IIEE 

SjUanSWlEff'HtlZ (b) fc^-TiE* 

[0 13U-*. ^'V^^4 1 dfr**»4 

2^S-t^«:^^^ O ^--^^ tt:50%<7?;r 
l,/*7*K*n>>b** HEIDC-DC^/<-# 

41»41cWll, (^--^ 

Et*9 ^©mffi{fifiB2 (a) »¥»fcfc«. 
10 13 21 ^©A^Sffi^ft®^ 1 2K«S«S*V6 

; UH 2 (f) iifta» ; * Lfc * i ^ 4S 

5<J |V ? yM3ClW»l*. 2 (b) 



50 



40 
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[0 13 3] JJLLK.fc9, tMSWEEas-SW"*^ 124 

««wJ»iaK2 Koffi^s**^* 

7^fctl00%£U A»o, *tH/Htt*l6©*iMUr 

wmf!3 _ f ^5 0%iU IESjIhI^I 2-»« 

»»J8«**±E»* i »*A*x** 2 
£BHfc««**^»*^*' Ha: ' 3mjEVO,n 1 n *' # 

13 4]-*, fflamBEtf-fi©"*' ®4 (b) 

tt. «8SMWfWIl!8&2 l ©tB*«W»-? r "' 1 * 100 20 
_h* £ <Dg? i A*XH:»S 2 

5 0%iUTiE»lHliiSl 2-w«^]«^S'>U Stt 

**«>«■ * < + *• - * V 

m i ro**£Xr±IR 2 ,dt^^©56^*^« icPJjS 

1-6*-Ctt, ii«mi£*±#£***«« mEEV Ima 

X [CT13°5] -©JBlfl5**^Xtt» 2 50 

Wi:«t Lfct- 5^45 fllfi4rf «t Lt 
t-'^tEVthCJ:01?5. 
Xf±as 2 

To 13 61 craJM©**^*^ 1 '^'^ 114 40 

a-i4<KStt6U^tE«i^ VOmi nteJ)P 
u B 4 (b) c*tii^ 
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[0 13 8] *fc, ******** iE02ocMfl 

[0 13 9] *WKJ:ntf. **©«'Ma*™E*B 

To 14 0] IK. *«WK«fcHtf, S^mEiSSS^-t 
^0 1 4 H ***C±^ 2o»M***«r 

maws*-*©*. 9 m 

f - 1 # * 9 «s* ^it-e« 9 * ± -> k. t 

«««>* £ v WMB WJli£&* x-m«S«I£ * -t* 



(18) 
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[0 14 2] *H9IK<fc*T<tf, 

So 

[mi] ^wii^ 

So 

[in 3] *aw*»*k-*-6 3 F**a« 8 *«)»«©** 

[12 5] #*WoJB2 0*l(|W»«^IiIK**BI" t? * ) 

[Be] 3 wiiilia)»««>iaK*«EH-e*> 

[IE 7] *«W^JB4^lllft^»llR < ^lelK**! £BI " cfe 

[us] ts^iHiss^— m^-fx2 y i?mx~foz>o 

[HI 9] tfc^lllSgoffii^J^ 0 y^H"CfeSo 
[mi o] ftx®&<DH\zt&<Dm<o7* y^H-e*>*. 



7(9 



36 

l i «2K (ffllSt) 
1 2 I*»[H]S£ 
12a, 12b ^ ^ 

12c, 12d ^yfV^h^^^ 

1 3 J£S 

13a A^£l$ 

1 3 b W^W 

1 4 SEiSR^StlHlK 

15 vf-y^EE 

tffi (V o s c) 



1 6 
1 7 
1 8 
18a 



20 



18b 

19m 

19a 



(lose) 



(F o s c ) 



2 0 

2 1 

2 2. 

2 3 
2 4 
2 5 
2 6 
4 1 
4 2 
4 5 
4 6 



4 1 d y^^^ 
ft* 

KSD C-DC^ * 



[mi] 



1 1S* (00 



22 

22b ( 

-XT 4 



22a 



go 



—3 
20d 


t 1 

20 

/ 





rr 

19a Pose 
1 8a Vosc 



HBSllI 



20a 



J^20b 
J^23 Vrefc 




19a Fosc 
-18b lose 



V 




1123] 




4 



(20) 
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[H4] 



(a) 



mare 
s^ai^TO ^. 

VOmax 
^a— x-f Jfc 
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